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ABSTRACT

The brain is the seat of intelligence, the interpreter of
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and behavioral sciences. The text opens with a description of cross-cutting
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aging and the brain. Section 2 profiles findings on human behavior and mental
disorders, .nd section 4 describes research on damage to the brain and spinal
cord. Communication and sensory disorders are treated in the following
section. Seccions 6 and 7 examine the development of the brain and detail the
intricacies of learning and m2mory. Section 8 investigates rehabilitation and
restoration c¢f brain functic: and section 9 outlines environmental impacts on
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Silvio O. Conte
1921 - 1991

This report resulted directly from the foresight and leadership of
Representative Silvio O. Conte of Massachusetts. As the ranking
minority member of the House Appropriations Committee, Mr. Conte
was an enthusiastic supporter of biomedical research. Recognizing the
accomplishments of neuroscience research and the growing potential
for new methods to treat and prevent brain and behavioral disorders,
Mr. Conte introduced legislation to declare the 1990s the Decade of
the Brain. As a result of Mr. Conte’s vision, public, congressional, and
international interest in brain and behavioral research continues to
grow.

We respectfully recognize Mr. Conte’s dedication and contribution to
improving the health and well-being of Americans in the Decade of the
Brain and beyond.
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Foreword

The brain is the most sensitive and complicated part of the human
body; it is the seat of intelligence, interpreter of senses and

controller of movement. Viewed as mysterious and incomprehensible
in the past, the human brain is at last yielding up its secrets, giving

us insight into how it works and what goes wrong when it is injured

or diseased.

We have learned more about the brain and the nervous system during
the last 10 years than throughout all of history, and progress during
the Decade of the Brain promises to be quite spectacular. The techno-
logical revolution occurring in the brain sciences, including the devel-
opment of powerful microscopes and sophisticated brain imaging
devices, new and better animal models, and major advances in the
study of genetics, has brought us to a threshold as important and as
promising as the first launch into space. For the first time, scientists
can view, study and treat the intact, functioning brain, which previously
has been inaccessible.

The challenge is enormous: more than 50 million Americans are
affected each year by brain disorders that range from stroke, brain and
spinal cord injury and neurogenetic diseases, to Alzheimer’s disease,
schizophrenia, alcoholism and drug abuse. One in four Americans at
some point in life will suffer a brain-related disorder. In the United
States, brain-related disorders cause more people to be hospitalized
than any other major disease group, including cardiovascular disease
or cancer. Treatment, rehabilitation and related consequences of
brain diseases cost America an estimated $305 billion each year.

Advancing our capability to understand and effectively treat the many
brain and behavioral disorders, whether genetic or environmental in
origin, will improve every aspect of our nation’s well-being. Many
brain disorders could be prevented, cured or alleviated inexpensively if
research opportunities were fully exploited. Further progress depends
on a broad-based research effort using the newly developed technolo-
gies that have already given promise of success.

Recent advances in our understanding of the nervous system are also
stimulating the development of new high technologies in this country.
A major emphasis on basic brain sciences during the Decade of the
Brain will accelerate this effort.

L Decade of the Brain 1990 s 2000
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This report presents highlights of the most promising areas of brain
and behavioral sciences research being carried out by the Federal
agencies responsible for directing, conducting and supporting such
research. Each chapter includes recent significant accomplishments
as well as future plans and potential benefits. .

The 22 separate Federal member organizations represented in this
report are committing a substantial portion of their resources to the
brain and behavioral sciences. This interagency inventory allows
these groups to coordinate their research, promote collaboration
among their scientists, program managers and the institutions they
support, and stimulate the integration of their research and devel-
opment in advanced, high-priority, enabling technologies, such as
imaging techniques and genetic studies.

Designation of the 1990s as the Decade of the Brain recognizes both
the tremendous opportunities presented by recent and anticipated
advances in brain research and the enormous costs that disorders of
the brain exact in human suffering, financial sacrifice and national
resources. The compelling message of the Decade of the Brain is
that the brain and behavioral sciences are rich with the scientific
means and opportunities to expand our knowledge, produce new,
high-level technological innovations for industry, and reduce the
personal and financial burden of brain-related disorders for the
nation. The decade of the 1990s is the ideal time to take maximal
advantage of these opportunities.

D. Allan Bromley
Director
Office of Science and Technology Policy
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Background to the U.S. Decade of the Brain

m Legislative History

Pursuant to the House Committee on Appropriations report on the
fiscal year 1988 budget for the Department of Health and Human
Services (DHHS), the National Advisory Neurological Disorders and
Stroke Council and the National Advisory Mental Health Council were
asked to prepare reports to Congress setting forth neurosciences prior-
ities and programs. The purpose of the reports was to assist the com-
mittee in initiating its commitment to the next 10 years as the Decade
of the Brain.

On March 8, 1989 the late Congressman Silvio O. Conte introduced
H.].Res. 174, to designate the decade beginning January 1, 1990 as the
Decade of the Brain. A companion bill (S.J.Res. 173) was introduced
by Senator Donald W. Riegle, Jr. H.J.Res. 174 passed the House on
June 29 and the Senate on July 13.

The President signed the bill on July 25, 1989 and it became Public
Law No. 101-568. On July 17, 1990, President Bush issued a Decade of
the Brain Proclamation, calling upon all public officials and the people
of the United States to observe the decade with appropriate programs
and activities.

m Office of Science and Technology Policy

Congress has requested that the Office of Science and Technology
Policy (OSTP) lead Federal activities in coordinating the scientific
effort for the Decade of the Brain (House Report 101-150). In
response, the OSTP’s Federal Coordinating Council for Science,
Engineering, and Technology (FCCSET) Committee on Life Sciences
and Health has formed a Subcommittee on Brain and Behavioral
Sciences.

This Subcommittee is composed of representatives from the following
Federal departments and agencies:

Agency for International Development
Department of Agriculture

Department of Commerce

Department of Defense

Department of Education

Department of Energy

Deparunent of Health and Human Services

Decade of the Brain 1990 & 2000
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Department of State

Department of Veterans Affairs

Environmental Protection Agency

National Aeronautics and Space Administration
National Science Foundation

Office of Management and Budget

Office of Science and Technology Policy

The FCCSET Committee on Life Sciences and Health, chaired by
DHHS Assistant Secretary for Health, James O. Mason, M.D., Dr.P.H.,
has charged this Subcommittee with:

+ designing a plan to integrate research efforts,

» monitoring scientific progress in the field,

+ developing mechanisms for international collaboration,

+ reviewing national and international policy issues,

+ translating research discoveries into treatment and prevention
applications, and

+ strengthening disease prevention strategies through the under-
standing of high-risk behaviors.
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Executive Summary

The U.S. Decade of the Brain offers scientists throughout the Federal
Government a unique opportunity to advance and apply scientific
knowledge about the brain and nervous system. During the next 10
years, scientists hope to maximize human potential through studies of
human behavior, senses and communication, learning and memory,
genetic/chemical alterations, and environmental interactions. Progress
in these areas should lead to reductions in mortality from brain and
nervous system disorders and to improvements in the quality of life.

Several developments have converged to make the goals of the Decade
of the Brain attainable in the 1990s:

» The science essential to an understanding of the brain has
matured dramatically in the past few decades, permitting a
greater transfer of basic laboratory knowledge to practical
applications.

» The methodologies and research tools to examine the processes
at work in the healthy and the unhealthy brain are rapidly
maturing.

» Medical, research and other professional institutions and
organizations in the United States and countries around the
world are strongly committed to advancing our understanding of
the human brain.

This report identifies nine research areas that could form the basis of
an integrated program in the brain and behavioral sciences. A chart
summarizing the Federal activities in these nine areas may be found at
the back of the report. In addition, three areas that span the nine
research areas—basic research, technology and international
activities—are considered.

® Cross-Cutting Program Areas

Basic Research. Present knowledge about the brain and nervous system
is built upon the foundation of basic research. Many examples of
important basic research questions on which work must continue can

be cited. These include: how nerves communicate normally between
and among themselves; how genes determine normal nerve pathways,
networks and neural development; and how normal body chemicals
such as transmitters and hormones affect brain function. The new
Federal initiative to sequence the human genome is another example of
research that will yield basic information that can be applied to under-

)
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standing the human brain and behavior. Providing a full description
of the human genetic profile is a fivst step toward creating individual-
ized prevention and treatment programs for those at risk for genetic
disorders. Other important applications of this research include devel-
opment of new technologies in automation, microscopy and robotics,
tools that will aid studies aimed at understanding the molecular func-
tion of the brain. Continued use of animals for scientific studies will
be critical for basic research.

Technology. Advances in neuroscience technology, including sophisti-
cated computers, modeling techniques and brain imaging technology,
have dramatically boosted scientists’ capacity to understand brain
function and dysfunction. These tools allow scientists to capture,
store and analyze biological data, and to create simulations of brain
function. There is great promise that molecular genetics studies of the
brain will result in new methods of detecting and potentially correct-
ing many currently untreatable genetically based diseases of the brain
and central nervous system. In addition to furthering current knowl-
edge of human disease, research in these areas is likely to revolution-
ize vital national industries such as computer and solid state silicon
chip industries.

International Activities. Science is by nature international, and many of
the advances in brain research in the coming decade will result from
work conducted in scientific centers around the world. Scientists from
the United States are taking advantage of the worldwide interest in the
brain by joining in a number of international collaborative research
projects, including studies on Alzheimer’s disease, cataracts and the
molecular biology of mental illness.

# Drugs and the Brain/Addiction

Drawing on research generated by the Decade of the Brain, scientists
hope to find solutions to the growing national tragedy of drug and
alcohol abuse. Alarming numbers of teenagers and women of child-
bearing age use illicit drugs regularly, and each year thousands of
emergency room visits and deaths are caused by drug abuse. Alcohol
abuse and alcoholism are factors in half of all traffic deaths, and fetal
alcohol syndrome is a leading cause of mental retardation. The health
costs incurred by drug and alcohgl abuse and their consequences total
nearly $150 billion a year. Research efforts are providing the frame-
work for understanding the profound affect that drugs of abuse have
on normal brain function, and progress is being made on revealing the
genetic and biochemical aspects of addiction.

® Aging and the Human Brain

A steady increase in the incidence of degenerative brain disorders such
as Alzheimer’s and Parkinson’s diseases has accompanied the upward
shiftin the U.S. age distribution. Our society now spends well over $90
billion annually on the care of people with dementia, and this figure
will almost certainly continue to rise. Current research priorities
include identifying and understanding the causes of dementia and the
pathological changes that occur in the brains of individuals with these
disorders, developing accurate diagnoses, and finding treatments for
brain disorders of the elderly.
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® Human Behavior and Mental Disorders

Mental and behavioral disorders affect millions of American chil-
dren and adults, and have enormous economic and social conse-
quences for our nation. Using the new research technologies avail-
able only in the past decade, scientists are now beginning to gain
insight into such devastating diseases as schizophrenia. Investigators
also continue to develop effective treatments for depressive disor-
ders and other severe mental illnesses. An expansion of recent stud-
ies should lead to a better understanding of the causes of mental
disorders, the relationship between environmental triggers and bio-
logical vulnerability, and the most effective means of treating the
victims of mental illnesses. Development of effective treatments
would improve not only the lives of victims, but also the economic
productivity of the nation.

m Brain and Spinal Cord Damage

Damage to the central nervous system is a major public health prob-
lem and the focus of significant research efforts on a number of
conditions including head and spinal cord injury, epilepsy, infec-
tious diseases that affect the brain and nervous system, stroke and
genetic disorders. Head and spinal cord injuries kill or disable hun-
dreds of thousands of U.S. citizens each year. Prevention of such
injuries and the development and refinement of treatments are
high research priorities. Steady progress is being made in finding
new drug treatments for epilepsy, and new imaging techniques are
helping scientists develop safe and successful surgical approaches
for some patients. In the past decade, we have witnessed the emer-
gence of four new infectious diseases—AIDS, Lyme disease, tropical
spastic paraparesis and the spongiform encephalopathies—that seri-
ously affect the brain and nervous system. This brings to nearly 40
the number of such diseases that afflict humans. In the United
States stroké is the third leading cause of death and the most com-
mon cause of disability requiring rehabilitation. The social and
financial costs of stroke are well over $25 billion each year. Progress
in stroke research and educating the public about research results
have already reduced stroke deaths in the United States by 50 per-
cent. This progress is likely to continue under Decade of the Brain
initiatives. More than 1 million Americans have genetic disorders that
affect the brain and nervous system. New molecular genetic tech-
niques have helped scientists identify chromosomal locations for
several genes associated with nervous system diseases, which may in
turn open new doors to diagnosis and treatment.

Animal models for disorders of the brain and spinal cord are criti-
cally important for research on the mechanisms and possible treat-
ments for these disorders. What scientists are learning from the use
of monkeys in research has the potential to alleviate or cure neuro-
logical diseases such as Parkinson’s and Alzheimer’s. Preliminary
research using cats paved the way to a new treatment that has sub-
stantially diminished the extent of paralysis following spinal cord
injury. Animals will continue to be a valuable and necessary compo-
nent of biomedical research during the Decade of the Brain.

Q ..

RIC =

k'l b,
3

Decade of the Brain 1990 = 2000

[eNUD10J uewNY Suziuixey

wr



Aruitoxt provided by Eic:

m Communication and Sensory Disorders

Because most disorders of human senses are invisible and not fatal,
they have not received sufficient research attention. During the last
decade tremendous advances have been made in understanding how
cues in the environment are coded by the nervous system and what
goes wrong in communication and sensory disorders. Great strides
have also been made in developing methods of prevention and treat-
ment. Priorities for the Decade of the Brain include clarifying the role
of genetic and immunological factors in these disorders, developing
new diagnostic techniques, and fostering new approaches to prosthe-
ses and other tools for augmentation or restoration of function.
Interdisciplinary studies of sensory development, cognition and lan-
guage development will improve the outlook for those suffering from a
variety of sensory and communicative disorders.

m Development of the Human Brain

The delicately balanced system that guides the assembly of the brain,
especially during fetal development and in the months after birth,
can sometimes fail, leading to often devastating disabilities. In the
United States, we spend more than $20 billion each year caring for
children and adults with birth defects, growth failure, abnormal
pubescence and other developmental disabilities. Understanding the
mechanisms responsible for both normal and faulty development of
the nervous system is essential for future prevention and treatment of
these disorders.

8 Learning and Memory

The ability to learn and retain information may be the most important
function of the nervous system. Research in this area is interdisci-
plinary, involving researchers in the neurosciences, cognitive psycholo-
gy, behavioral sciences, engineering, and other technical fields of
study. Fundamental brain research focused on learning and memory
may yield important information for those concerned with treating
individuals with learning disabilities, dyslexia, and other disorders
related to learning and memory. There is also important economic
potential in these studies. Our nation needs the technological produc-
tivity inherent in large-scale computer models and engineering devices
that simulate intelligent behavior. Commercially viable, artificially
intelligent computer systems are feasible in the Decade of the Brain.

® Rehabilitation and Restoration of Function

Successes in improving survival after injuries and illnesses involving the
brain and nervous system have made rehabilitation and restoration of
function increasingly important elements of medical care. The United
States has achieved major accomplishments in rehabilitative tech-
niques to help patients with a range of disabilities. The development
of artificial limbs is especially notable, and pioneering accomplish-
ments are emerging from research on neural prostheses—devices that
directly assist the nervous system to replace or extend neurological
function. These devices include auditory prostheses for the deaf, blad-



der control prostheses for spinal cord injury victims, neuromuscular
stimulation for paralyzed individuals, and visual prostheses for the
visually impaired.

m Environmental Impacts on the Human Brain

Recent studies have improved our knowledge of how environmental
factors, such as pesticides, dietary minerals and hazardous noise lev-
els, cause nervous system dysfunction. Scientists are uncovering the
basic mechanisms underlying neurotoxic events, and this new
understanding has improved the ability to predict relationships
between exposure and responses of the nervous system.

ERIC SRS
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As this brain neuron
readies to fire, fluores-
cent labelling shows
that calcium (a key ion
involved in nerve cell
communication) con-
centrates at the tips

of the branch-like
dendrites (high caicium
concentration appears
red).
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Cross-Cutting Program Areas

Basic Research

Basic neuroscience explores the brain and nervous system to discover
the fundamental ways in which neurons work. The discoveries that
come from this research are the building blocks needed to answer
questions about the brain, behavior, disease and intelligence. Because
the human brain is so complex and still largely difficult to study, it is
necessary to carry out basic research on comparatively simpler biologi-
cal systems and on ingenious models. For example, much of what

is known about the basic mechanisms of the 'human retina came initial-
ly from work on the horseshoe crab. Basic studies on crayfish have
given scientists a great deal of fundamental knowledge about spinal
reflexes. And basic research on the squid giant axon has provided
most of the fundamental knowledge regarding how individual axons
conduct signals.

Basic neuroscience research in a broad range of fields is always needed
to search for clues to brain function. Studies may be on systems rang-
ing from a few neuronal cells in a laboratory dish, to invertebrate
brains with only a few hundred cells, to brain subsystems in vertebrates.
Vertebrate studies extend from ancient species such as the lamprey
through levels of increasing biological complexity to the human.
Complementing these studies are the basic laboratory experiments on
the brain’s function in behavior, on the way we use our senses to con-
trol movement, and on the interactions between endocrine and nerv-
ous systems.

One of the exciting aspects of current work on the brain is that disci-
plines that were previously insulated from each other, such as molecu-
lar biology, electrophysiology, neurcanatomy, psychology, engineering
and computer modeling of neural networks, are coming together in
ways that were only dreamed of just a few years ago.

Research on such disparate organisms as fruit flies and mammals is
revealing fundamental similarities in the ways their nervous systems are
put together during embryonic development. Scientists are isolating
and characterizing genes on the molecular level that determine neural
circuits involved in complex behaviors studied by psychologists. The
findings at each level of analysis are considerably enriched, and in
many cases made possible, by findings at other levels. Today an inte-
grated approach to basic research on the nervous system is part of a
natural progression building on past discoveries. Studies of the
molecules involved in the development and function of brain cells
interact closely with studies of animal behavior and human psychology.

)
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Three technological developments in the past decade are driving cur-
rent neuroscience efforts that are leading to novel findings. First, neu-
roscientists have new abilities to trace pathways and to identify particu-
lar cell types as the result of an explosion of new anatomical
techniques, including powerful new stains and intracellular dyes for
histology, voltage-sensitive dyes for real-time monitoring of whole pop-
ulations of cells, immunocytochemical techniques to label classes of
cells, brain-scan imaging (PET, MRI, etc.), and confocal microscopy
for living tissue. Second, computers have come into virtually every lab,
allowing real-time data analysis, sophisticated stimulus creation, very
high temporal resolution of electrophysiological events, and tremen-
dous data capture and storage capabilities. In a few cases, major com-
putational efforts with supercomputers or parallel processors have led
to development of theories about much more complex systems of
model neurons. Third, the tools of molecular genetics are coming
into neuroscience, with cDNA libraries, studies of protein expression,
and genetic mutants and markers used in novel ways to probe normal
and abnormal neural structure and function.

The impact of basic research is not always immediately evident. For
example, the fruitful culmination of years of work in genetics now
offers hope for treatment of neurogenetic disease. The discoveries
that formed the foundation for scientific advancement in this research
emanated from several fundamental discoveries dating back to 1928.
In fact, the original work that clearly established the function of DNA
took 13 years to complete. The benefits of this basic research are evi-
dent today in the biotechnology enterprises that develop new diagnos-
tics, biologics, drugs, vaccines and gene therapy.

® Accomplishments and Future Opportunities

The brain is the most complex organ of the human body. To under-
stand how the brain functions, scientists study the cellular units of the
brain called neyrons. Today we know that neurons are enveloped by
specialized membranes containing channels designed to regulate elec-
trical excitability. The investigation of neuronal excitability has
allowed scientists to begin to understand how neurons transmit signals.
Stimulated by intracellular electrical activity, neurons communicate
with each other by reléasing chemical substances called neurotransmit-
ters or neuromodulators. These substances act in a variety of ways to
stimnulate or inhibit other neurons. Thus, the brain is an intricate net-
work of electrically and chemically active cells that are continuously
influenced by the substances they contain, as well as by hormones and
other agents carried in the blood.

More recent research has shown that neuronal communication is even
more complex than originally expected. For instance, we now know
that multiple “messenger” systems inside the neurons interact with the
channels in the neuronal membranes, providing many sites where neu-
ral activity can be influenced.

Through very basic studies scientists actively seek to understand the
function of the normal brain. This knowledge will provide insight into
the mechanisms that underlie brain disorders and lead to the develop-
ment of new treatments and preventions.

118



Most clinical advances in the brain and behavioral sciences are based
on the findings of fundamental biomedical research. For example, a
specific transmitter in the brain, dopamine, has been linked to a num-
ber of neurological disorders including drug addiction, schizophrenia,
Parkinson’s disease and Tourette’s syndrome. Researchers now know
that it is the dopamine-containing neurons that degenerate in
Parkinson’s disease. Therapies which block the breakdown of
dopamine are being used to combat early stages of this disease.
Similarly, schizophrenia is associated with enhanced activity of the
dopamine system. Drugs that block the activity of excess transmitter
are used for therapy.

Another major
accomplishment
over the past decade
has been the devel-
opment of a model
to explain the
euphoria induced by
a variety of common-
ly abused drugs

(e.g., cocaine,
amphetamines, mor-
phine, heroin, nico-
tine). Scientists think
that many drugs are
abused because they
activate the
dopamine system
which, along with
other neurotransmit-
ters, mediates the
experience of pleas-
ure. Investigators use this model to develop potential treatments for
drug addiction—cocaine antagonists are a particular focus—aimed at
blocking drug-induced euphoria and craving.

Huntington’s disease is a fatal, inherited neurological disease associat-
ed with the degeneration of motor systems. It directly affects 25,000
people annually. Specifically affected are cells that are involved in the
coordination of movement, and cells which control perception and
memory. Through basic research, scientists have linked selective cell
destruction to a specific toxin that binds to a receptor on the neuron.
Clinical studies will be undertaken to examine the effectiveness of
receptor antagonists in slowing the progression of Huntington’s dis-
ease. Major efforts should be made to discover new antagonists.

Basic research on movement has revealed that precise timing is essen-
tial for smooth and coordinated movement, and that postural adjust-
ments are carefully controlled by mechanical impedance. Neuro-
scientists can analyze quantitatively how a single neuron matches the
mechanical stress on a muscle in the maintenance of a movement or

Basic research employs
sophisticated tools to
uncover the fundamental
structure and workings
of the brain and nerves.
In this photo by
National Science
Foundation grantees,
modern labelling tech-
niques and high-power
microscopy reveal a
constellation of special-
ized brain neurons.

posture. Understanding this system will provide fundamental informa-
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tion for numerous applications, ranging from the design of
autonomous robots to the rehabilitation of stroke victims.

Modern research into the molecular basis of learning and memory is
based on an understanding of some fundamental features of nerve
cells. Scientists have achieved insights into how specific brain circuits
may change as a function of experience (learning). For instance,
investigators have discovered that in the hippocampus, an area of the
brain that is associated with memory, a high-frequency electrical stimu-
lation (analogous to experience) produces a long-lasting change (anal-
ogous to memory) in the response to that stimulation. Scientists have
determined that this response is dependent on a specific neurotrans-
mitter, and they are currently investigating the mechanism by which
the response is developed.

Scientists investigating the neuroendocrine system have discovered a
unique protein that appears to be essential to the biological clock that
determines daily

rhythms controlled by
the brain. This discov-
ery, stemming from
molecular biological
studies of a gene in the
fruit fly, has led investi-
gators to the exciting
finding that these same
proteins are also present
in the brains of verte-
brates, indicating the
importance of genes to
brain function over mil-
lions of years in differ-
ent species. Future
experiments will clarify

The human brain—a
3-pound mass of interwo-
ven nerve cells that con-
trols our activity and
thoughts—is at last yield-
ing up its secrets.
Neuroscience research
has learned more about
the brain in the last 10
years than throughout all
of history.
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which cells are responsi-
ble for keeping the brain “on time.” This research could have a signifi-
cant impact on the productivity of shift workers, on the wakefulness of
travelers required to cross multiple time zones, and on treatments for
a variety of mental and physical disorders that require resetting biolog-
ical clocks.

Food intake, appetite and body weight are controlled by the brain
through interaction with peripheral signals. In recent animal experi-
ments, investigators discovered that a peptide naturally found in the
brain stimulates feeding when injected into a specific brain region, the
hypothalamus. The hypothesis is that circulating glucose sugar raises
the insulin level, which then acts to regulate the release of the peptide
that stimulates appetite and feeding. Testing hypotheses such as this
may ultimately lead to advances in understanding and treating
appetite and body weight disorders.

Scientists studying sensory systems investigate how external physical
stimuli are detected and translated by the brain. Scientists now under-
stand that activity of the senses may be initiated by microscopic events
between and within nerve cells. Research at this cellular and subcellu-
lar scale has been extremely active and fruitful.
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Modern techniques for monitoring the activity of neurons are enabling
scientists to understand sensory perception in the complex centers of
the brain, such as the primary sensory cortex. This work produces very
‘precise quantitative data, often using human subjects. In primate
vision, recent studies of motion detection have shown that the “local”
process of detecting the movement of edges in a pattern can be sepa-
rated from the “global” process of detecting the movement of a whole
pattern. Scientists can identify separate areas of the brain where these
processes occur. Similar studies of visual memory and recognition are
bringing the investigation of cellular mechanisms to the study of high-
er cognitive functions.

A central question in the study of the brain and behavior is how the
extremely complex nervous system is assembled, complete with just the
correct number of cells and the right nerve connections and function-
al circuitry. Formation, growth, plasticity, regeneration and aging of
the nervous system are all important phenomena related to this ques-
tion. Studies of the embryonic lines of descent, or lineages, of individ-
ual neurons in simple systems are clarifying the importance of genetic
and environmental interactions. Permanent dyes allow scientists to
mark individual neurons and follow them throughout development of
the organism.

Molecular neurobiology has thrived over the last decade. To date,
investigators have localized the chromosomal site for more than 50
genes related to brain and behavioral disorders. To understand how
genes cause disease and developmental disorders however, the genes
themselves must be isolated and basic studies performed. The emer-
gence of powerful new research technologies promises to assist greatly
the study of identified genes by allowing specific mutations to be ana-
lyzed in laboratory animals. These techniques will also aid in revealing
the neurogenetics of development, and hence the basis of nervous sys-
tem malformations.

One example of research that yields basic information and new tech-
nologies that can be applied to understanding the brain and behav-
ior—and maximizing human potential—is the newly initiated human
genome research program. Sequencing the human genome will con-
tribute to the discovery of genetic errors that underlie specific disor-
ders, and thus one day permit the identification of individuals who are
at risk for genetically based diseases of the brain. From this informa-
tion, unique preventive and therapeutic strategies can be designed.
The human genome program also includes the development of major
new technologies in areas of automation, optimization and robotics, as
well as in specific areas such as tunneling electron microscopy. These
technologies will provide new bases for understanding the molecular
function of the brain and new methods of diagnosis and therapy in
many areas of medicine.

Future research will emphasize the origin of congenital abnormalities,
focusing on the initial formation of the neural tube, which develops
into the brain and spinal cord, and the generation of neurons and
their supporting cells. The fate of individual cells and their progeny
will be defined and the plasticity of the nervous system will be assessed.
Investigators will be able to identify the genes that direct the develop-
ment of the brain and the maintenance of individual cell function in
O
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Using dyes and mono-
clonal antibodies, glial
cells (important support
cells in the brain,
labelled green) are
shown growing on a
layer of neurons (red).
The development of
monaclonal antibodigs,
which attach to specific
targets, has enabled sci-
entists to label cell
types precisely and
speeded characteriza-
tion of individual ner-
vous system parts.




animal models, and then compare these data with information on
mapping and sequencing obtained from human genome studies.

An example of this research is that conducted on retinoblastoma, a
cancer of neural tissue in the retina that affects about 500 American
children each year. Unchecked, retinoblastoma spreads to the optic
nerve and other parts of the eye. Most retinoblastoma is passed along
through a defect of a chromosome on which part or all of the
retinoblastoma gene is missing. Research has led to the discovery of
the gene, which, when present and functioning properly, codes for
the protein that controls cancer growth in the inherited form of this
disease. More recently, researchers have shown that introduction of
normal retinoblastoma genes into tumor cells causes them to behave
like normal cells, thereby opening new avenues for a potential therapy
for this cancer. Other researchers have developed a mouse model
that will allow the study of malignant transformation of neural tissue,
and will aid those attempting to develop and test drugs for retinoblas-
toma therapy.

Phenylketonuria (PKU) is an autosomal recessive disorder with an inci-
dence of about 1 in 14,000 births in the United States. Affected individ-
uals lack a liver enzyme, phenylalanine hydroxylase (PAH). Untreated,
PKU is characterized by severe mental retardation, behavioral prob-
lems, epilepsy and other signs of neurologic impairment. Screening
programs for PKU in newborns have been successful in diagnosing
infants, and early dietary therapy has largely prevented the develop-
ment of impairments. Using recombinant DNA technology, the
normal human gene responsible for the production of the PAH
enzyme has been produced and cloned. The development of an ani-
mal model that is genetically deficient in producing PAH is important
to determine whether insertion of the gene could supply the critical
enzyme activity and to contrast the effectiveness of gene therapy with
dietary therapy.

Thus, as Louis Pasteur once said, “Chance favors the prepared mind.”
Basic researchers are seeking to prepare minds and to provide the
knowledge necessary to make and use important discoveries. To con-
tinue to achieve clinical successes, we must maintain our focus on the
basic research that leads to clinical, educational, behavioral and tech-
nological applications. It is only through a strong science foundation
that we will realize the potential of the Decade of the Brain.

Technology

For the past 50 years the major force motivating basic research in the
brain sciences has been, and continues to be, the belief that through
such research scientists will be able to effectively diagnose and treat
injuries to, or diseases of, the nervous system. Thus, clinical applica-
tion of basic research on the nervous system has been the dominant
“driver” for much of the research, both past and present. There is a
new “driver” now emerging to provide additional motivation for the
strong support of basic research in the brain sciences. This driver, or
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application area, is technological leadership and economic vitality.
Recent advances in our understanding of the nervous system are stimu-
lating the development of new high technologies in the design of
advanced silicon chips as well as revolutionary computer architectures.
A major emphasis on basic brain sciences during the Decade of the
Brain will undoubtedly accelerate these and other efforts.

8 Accomplishments

Three technological developments in the past decade are now provid-
ing new opportunities for brain research. First came an explosion of
new techniques for understanding the brain, including new brain
imaging technologies. These imaging technologies are providing clini-
cians and researchers alike with the capability to understand brain
function and dysfunction in ways never before possible. Second, new,
sophisticated computers and associated modeling techniques have
been developed, providing scientists with tremendous capabilities for
capturing, storing and analyzing data, and creating biologically plausi-
ble simulations of brain functions. These computers and techniques
are now leading to the development of new theories about complex
systems of artificial networks of neurons that are stimulating the devel-
opment of new computer designs likely to revolutionize the U.S. com-
puter and solid state silicon chip industries. Third, the tools of molec-
ular genetics are being applied to brain research. Gene libraries,
studies of the proteins produced as a result of genetic direction, and
genetic mutants and markers are also being used in novel ways to
probe normal and abnormal neural structure and function. The
resulting new knowledge will lead to the ability to detect and correct
many genetically based diseases of the brain and central nervous sys-
tem—diseases that are currently untreatable.

Imaging Technology. The non-invasive nature of new brain imaging
techniques allows investigators to observe directly deep brain struc-
tures and their functional activities. Chief among these techniques are
positron emission tomography (PET), magnetic resonance imaging
(MRI) and magnetoencephalography (MEG).

With PET, investigators have achieved significant advances in under-
standing the normal and the diseased brain. PET can measure non-
invasively the relative levels of metabolic activity in the human brain
and can image the working parts of the brain—a feat barely imagined
20 years ago. PET is being used to study a large number of disorders,
including stroke, schizophrenia, brain tumors, epilepsy, depression,
Parkinson’s disease, Alzheimer’s disease, Huntington’s disease and
Tourette’s syndrome. The technique is useful in finding clues to other
medical problems such as drug addiction, and in evaluating the effec-
tiveness of medications. For example, PET studies show a correlation
between the distribution kinetics of labelled cocaine in the brain and
the subjective “high” associated with the abuse of this substance. This
may lead to insights into the mechanisms of addictions and to poten-
tial therapies. Investigators are also using PET to study higher cogni-
tive functions such as learning, thinking and memory.

MRI, another brain imaging technique, uses magnetic fields and radio
waves to produce an image that provides information about the struc-
ture and biochemistry of the brain. MRI scans complement PET scan
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This patient is undergoing
MEG, the newest tech-
nique for imaging and
diagnosing brain disor-
ders. MEG detects mag-
netic signals created by
the small, electrical dis-
charges of nerve cells.

data by providing detailed anatomical images of both surface and deep
brain structures. Because of MRI’s ability to see through bone, it has
been especially useful for scanning the brain and spinal cord in areas
which have previously remained hidden. Through spectroscopy, the
MRI can also be used to examine the chemistry of.living tissues, detect-
ing changes caused by disease.

MEG is the newest technique being used for diagnostic purposes.
The small electrical currents produced by nerve cells create magnetic
fields, which can be measured outside the brain by a magnetometer.
Recording these measurements has several advantages over previously
used techniques: the magnetic fields emerge undistorted through
the skull and scalp, no electrodes are needed, and the scan can be
made without physical contact. Extraordinary three-dimensional
localizations of brain lesions are being made possible by this new
physiologic technique.

Neural Networks and Neurocomputing. In the past two decades the
amount of information known about nervous systems has expanded
explosively. At the same time, scientists have made dramatic advances
in silicon chip technology and conventional computer science. These
concurrent events, coupled with the growing awareness of the limits of
conventional computing, have set the stage for what is likely to be a sci-
entific revolution having dramatic and widespread influences through-
out science, technology and, accordingly, society. Neural networks and
neurocomputing represent radical departures from conventional
approaches to digital computers. Neurally inspired and biologically
realistic computer processing elements have already been shown to
have the capacity to do useful, complex computations, outperforming,
in some cases, similar computations made by conventional computers.

Current research programs are directed towards an understanding of
neural information processing based upon brain circuitries. Neural sys-
tems are being evaluated for their capacity to perform computations
required for image processing, acoustic analyses, speech recognition,
signal classification and the organization of motor output. Memories
based upon neural network concepts are investigated to assess their
properties and information-storage capacity. Neurophysiological and
neuroanatomical data are used to understand the major classes of dis-
tinct biological neural networks and how they differ. The goal is to
better understand the processes used by the brain in its role as a bio-
logical information-processing system and to clarify the nature of neu-
ral computations in network processing. Significant progress in this
research will produce a new generation of biologically inspired artifi-
cial neural networks and computers, while at the same time providing
major insights into the nature of biological information processing,
human learning and memory, and the fundamental organizational
principles of the brain.

This research program is explicitly interdisciplinary in nature and in
content, with research teams composed of neuroscientists and engi-
neers, physicists, mathematicians and computer scientists. Progress
to date has been significant. If pursued aggressively, this unique
and exciting scientific and technological adventure will reinvigorate
the United States chip manufacturing and computer industries and
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could help the United States strengthen its position as a leading tech-
nological force in information processing.

Molecular Genetics and Biotechnology. About one-third of the func-
tional human genome is involved in brain activity, and at least 500
inherited diseases have major neurological manifestations. As a whole,
these disorders.occur in more than 1 million people in the United
States. Particularly devastating are children’s disorders such as Tay-
Sachs disease, the leukodys-
trophies and Batten’s dis-
ease, all of which inevitably
lead to progressive brain
deterioration, dementia
and death.

Within the last decade, the
use of molecular genetic
techniques has allowed the
identification and location
of several genes that are
associated with diseases of
the nervous system. These
studies have already led to
presymptomatic and carrier
detection in many disor-
ders and to the identifica-
tion of the disease-causing
gene in others. The _
cloning of these genes will lead to more accurate testing and to the
development of model systems in which to examine novel treatments.
(See Basic Research.)

Although in the past genetic linkage studies were limited by the lack of
markers to scan the human genome, rapid advances have increased
the number of candidate genes and markers so that much more specif-
ic areas of the genome are being mapped. Using molecular genetic
techniques—coupled with supercomputer, computational and model-
building capabilities—abnormal genetic sequences can be detected
and traced to specific genes. The national effort to map and sequence
the human genome further increases the likelihood that defective
genes can be identified and their expression better understood.

There have been several recent success stories in neurogenetic
research. One is the discovery of the gene responsible for Duchenne
muscular dystrophy. Using the tools of molecular biology, scientists
found the gene and its product, dystrophin, which is needed for nor-
mal muscle function. This discovery led to a treatment in which nor-
mal muscle cells are injected into defective muscle, become fused

with the host cells and produce dystrophin, the missing protein prod-
uct. The gene for neurofibromatosis 1 also has been discovered
recently, as has a gene which codes for the protein that controls cancer
growth in the inherited form of retinoblastoma, a cancer of neural eye
tissue. Researchers have also localized a gene for retinitis pigmentosa,
an array of diseases that affect vision, to chromosome 3, which also car-
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Researchers sponsored
by the Department of
Energy are devising and
testing new brain imaging
technologies. Here, CT
and MRI studies of a
15-month infant with
intractable seizures
showed no abnormal
brain structures. Exper-
imental PET, however,
revealed metabolic
defects throughout the
left hemisphere, which
were subsequently
treated surgically. Since
treatment, all seizures
have stopped and the
child has developed nor-
mally.
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Scientists creating neural
prostheses to aid disabled
individuals are developing
tiny probes and cables—
shown here adjacent to a
coin—able to interface
with nerve cells.

ries the gene for rhodopsin, the light-sensitive protein found in
photoreceptors.

Following preliminary reports of linkages in bipolar (manic-depressive)
disorder, schizophrenia and Alzheimer’s disease, investigators are
increasingly applying molecular genetic methodologies and biotech-
nology to the study of behavioral and psychiatric disorders. Research
over the last two decades in developmental neurobiology and genetics

for certain behavioral
disorders such as autism
is also paving the way for
understanding the

. molecular and neurobio-
¢ logical basis of childhood
behavioral disorders.

Techniques are now
being explored to
implant genetically
altered cells into the ner-
vous system or to geneti-
cally alter cells within the
nervous system itself. In
addition, recent success
in the treatment of
Gaucher’s disease using

enzyme replacement
therapy establishes a tem-
plate for similar therapy
of other genetic metabol-
ic disorders. Such stud-
ies are very exciting and
may lead to treatments of
Parkinson’s disease and
Huntington’s disease and

to methods of modulat-
ing neural pathways. These studies will also provide basic insights into
the development of the nervous system, the repair of the nervous sys-
tem after stroke or injury, and the mechanisms of memory, pain and
seizures.

@ Future Plans and Potential Benefits

With the development of new brain imaging technologies that allow
direct observation of the active brain, scientists will soon be able to
determine how structure and function correlate in the normal and dis-
eased human brain. The mapping of some areas, such as vision, is
moving forward quickly, while the understanding of more complex
processes such as memory or cognition remains a long-term goal. With
MEG, for example, it likely will be possible to monitor the activity of
the active brain and to track its changes in both time and space. This
will permit the noninvasive localization of the discharging lesions that
are the source of epileptic seizures, allowing for accurate surgical
removal and obviating the need for invasive techniques of diagnosis
such as the currently used depth electrode recording from the brain.
Through a combination of the imaging techniques now available, and

.
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the utilization of sophisticated computer programs to manipulate the
images and data received, a functional map of the human brain is an
attainable goal by the end of the Decade of the Brain.

Research on neural circuitry has significant potential for application in
the following areas: the design of novel computers based on biological

processes, more efficient uses of massive parallel processing systems for
high-speed computers and the production of artificial intelligence sys-

This computer model of
a specialized brain
neuron depicts the
fine-tuned distribution
of electrochemical
potential along the
nerve cell’s trunk

and branches. Such
computer modeling
provides insight into
how neurons store
information.

tems with enhanced “cognitive” capabilities. This emergent technolo-
gy, based upon biologically inspired information processing strategies,
will result in major changes in the computer industry of the future.
This technology can provide the United States with an opportunity to
regain its preeminence in the highly competitive and economically
important international struggle for leadership in the world’s informa-
tion-processing technologies.

What is it that neural networks should compute? What aspects of bio-
logical intelligence would scientists like to emulate in a new generation
of computational devices? The answers to these questions are central
driving forces that are pushing basic research into an arena filled with
applications and technological opportunities. Optimally, neural net-
works should learn spontaneously as a result of experience, seek opti-
mal solutions for a given problem, accurately process ambiguous data
that is only approximately matched to what has already been stored in
memory, perform hypothesis testing and probability estimation, and
adjust rules used in processing information when presented with new
input data.

Achieving these capabilities will require coupling new information
derived from biological nervous systems with advances in technology,
computer design, optical information processing, algorithm develop-
ment and adaptive signal processing. Central to the enterprise, cer-
tainly in the long view, will be the identification of relevant principles
and abilities of biological nervous systems to be emulated in artificial
neural systems. Itis not, and probably should not be, a goal of the
neural network research enterprise to duplicate a living human ner-
vous system in all of its mystery and complexity. Rather, new insights
into principles of biological computation will emerge and should help
us develop new approaches to the use of computers.
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Over the next decade the genetic sequencing programs started in the
1980s will be enhanced by the ability to integrate their results with the
mapping and sequencing information obtained from additional
human genome studies, as well as by further technological advances in
molecular biology and microscopy. These and other developments will
provide us with powerful tools for the identification of the genes that
are associated with both normal and abnormal formation of the brain
and nervous system. These efforts have great potential for uncovering
the knowledge base necessary for understanding the source of malfor-
mations and disease processes in the human nervous system.

The search for genetic determinants of growth, development and
regeneration of nervous tissue also should provide new potential
approaches to therapy of brain and behavioral disorders. Other areas
for future research include: 1) isolation of the genes for the many dev-
astating disorders of the brain and nervous system, including Batten’s
disease, schizophrenia, Huntington’s disease, tuberous sclerosis,
Alzheimer’s disease, dystonias, retinal diseases, Down syndrome, alco-
holism and the tendency to seek drugs; 2) studies on the biochemical
characterization of neurogenetic disorders, and investigation of the
structure, function, expression and control of disease genes and other
genes relevant to neuronal development; and 3) development and
evaluation of treatment, including studies on gene therapy, genetically
altered cell line production, bone marrow transplants, chemical carri-
exs and other targeted delivery systems to the brain.

International Activities

Disorders of the brain and behavior cross all geographic boundaries,
directly or indirectly affecting everyone in the world. Chinese men
and women suffer brain damage from sudden stroke; French newborns
suffer epileptic seizures; an elderly Canadian woman loses control of
her body and mind to Alzheimer’s disease; young adults around the
world grow increasingly confused, their memories eroded by the neu-
rological complications of acquired immunodeficiency syndrome
(AIDS). The economic and social costs of these disorders are borne

by all.

The causes of brain disease are equally diverse: flawed genes, viruses,
trauma, blood clots or a defective immune system. Sometimes, a disor-
der’s cause eludes scientists, and little more is known about a disease
than its name. Yet the vast geographic range of brain and behavioral
disorders presents scientists with an ability to gather and compare a
large pool of data. For instance, investigators seeking factors that pre-
dispose some people to stroke can compare different populations
around the world to help elucidate the roles played by genetics and
environment. Similarly, research on epilepsy benefits from incidence

differences in North and South American countries.

A dramatic example of the potential for the international application
of research is the fact that effective application of current knowledge—
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including information on the significance of vitamin A—could prevent
up to 80 percent of all blindness around the world. Current global
efforts are designed to heighten public and governmental awareness of
the problem of blindness, mobilize available resources, promote the
development of new programs where needed, and increase the effec-
tiveness of existing programs. The United States currently supports
international research on blinding diseases that have a major world-
wide impact.

In some cases, international research allows scientists to seek out and
study extended families affected by brain diseases linked to a genetic
cause. Such families are rare and offer valuable clues about the causes,
complications and treatment of neurogenetic disorders. Hence, U.S.
scientists are turning to Europe and Canada to extend knowledge
about familial Alzheimer’s disease and to Israel for insights into a rare
metabolic disorder, Niemann-Pick disease.

1 Accomplishments and Future Opportunities

To pursue all possible leads about the brain in health and disease, the
United States supports and works with scientists in institutions
throughout the world. International programs take many forms:

» joint research conducted under country-to-country
agreements, '

s efforts involving multinational organizations,

+ research grants and training programs,

+ collaborative research projects uniting individual U.S.
scientists and foreign colleagues, and

¢ international meetings to share knowledge.

Aging. Reported differences in the occurrences of Alzheimer’s disease
and multi-infarct dementia between Asian (Japanese as well as
Chinese) populations and European-ancestry populations have stimu-
lated further study of these trends. Investigators in Seattle, Japan and
Taiwan plan to conduct parallel studies in Asian-ancestry populations
using similar methodologies to ensure that research results will be
comparable. Using the Swedish Twin Registry, a U.S. scientist and a
collaborator in Sweden are developing a study of the genetics of
Alzheimer’s disease.

Studies of a rare, fatal dementia, Creutzfeldt-Jakob disease (C]JD), have
identified a mutation affecting the gene for amyloid precursor protein
in all Slovakian and Israeli patients studied. Amyloid precursor protein
is of particular interest to scientists because it is converted to an abnor-
mal form in the brains of CJD patients. This deformed protein also
can accumulate in abnormal deposits, called amyloid plaques, in
patients’ brains. Such plaques are also a hallmark of Alzheimer’s dis-
ease, a better known and more common form of dementia. While dif-
ferent proteins create the amyloid deposits in Alzheimer’s and C]D,
information about how the plaques are formed in CJD may lead to new
understanding of the mechanisms of both diseases.

American scientists working to uncover the cause of Alzheimer’s dis-

ease are collaborating with an international team of investigators from
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the Soviet Union, United Kingdom, Federal Republic of Germany,
France, Mexico, Italy, Belgium and Canada. Through genetic studies of
more than 40 families with a history of Alzheimer’s disease, these scien-
tists have uncovered new evidence that Alzheimer’s may represent
more than one disease, resulting from various causes. This team
expanded earlier results showing that some cases of inherited
Alzheimer’s disease are linked to specific genetic defects on chromo-
some 21. In their recent research, they found that most patients who
developed familial Alzheimer’s disease early (before the age of 65) had
a chromosome 21 defect. In contrast, most family members who devel-
oped Alzheimer’s disease after age 65 did not have this genetic defect.

Behavioral and Mental Disorders. Behavioral and mental disorders are
the targets of collaborative research in many regions of the world. For
example, scientists from the United Statés are working with the
European Science Foundation to study the molecular biology of men-
tal illness. U.S.-Indian collaborations are addressing the problems of
schizophrenia, affective disorders and childhood mental illnesses.

Brain and Spinal Cord Injury. Canadian scientists are focusing on a
broad range of topics relevant to injury and malignancies of the ner-
vous system. They have developed a model of the blood-brain barrier
using cultured human cells and are employing this model to test drugs
and other substances for their ability to enter the brain. Investigators
are leading a 5-year multicenter trial of the usefulness of carotid
endarterectomy in preventing stroke. This commonly performed
surgery clears fatty deposits from major arteries supplying blood to
the brain, but its usefulness is not clearly established. Other investiga-
tors are testing the neuroprotective effects of calcium-blocking agents.
These agents, which are currently used to lower blood pressure, may
help limit the death of brain cells after stroke. Important work on

the causes and treatment of stroke is also proceeding in the People’s
Republic of China, the Federal Republic of Germany, Sweden

and Italy.

Communication and Sensory Disorders. Cataract is the most
widespread form of curable blindness and will become even more sig-
nificant as the world population ages. In conjunction with the Pan-
American Association of Ophthalmology and Helen Keller
International, the United States has continued to help establish
Cataract-Free Zones in several Latin-American countries. The tech-
niques developed in all of these projects will have important implica-
tions for reducing the total cost of routine cataract surgery.

Particularly in Asia, vitamin A deficiency is a public health problem
and the leading cause of blindness among preschool-aged children.
The most effective way of providing affordable prevention programs is
under study by U.S. scientists and Nepal’s National Society for the
Prevention and Control of Blindness.

Participants in the U.S.-U.S.S.R. Program for Health Cooperation in
Eye Diseases have reaffirmed the need for continued collaboration
under the program, which was begun in 1987. During the past year,
scientists continued to pursue these collaborative studies, which
include epidemiologic research and investigations of glaucoma,

32

g



cataract and immune function of the eye.
Under a Medical Science and Public
Health Cooperative Agreement, scientists
from both countries have conducted joint
research on the biological effects of low-
frequency electromagnetic radiation.
Scientists conducted collaborative experi-
ments to evaluate sensitive tests that mea-
sure the biological effects of electromag-
netic fields on the nervous system and to
validate research results obtained in the
United States and the Soviet Union.

The United States and the Indian Council
of Medical Research have developed a col-
laborative blindness research program that
includes projects to reduce blindness in
India from vitamin A deficiency, cataract
and Eales’ disease. The United States is
also joining collaborative research to
improve India’s mass cataract surgery
intervention program.

The United States has a number of cooper-
ative research programs with various for-
eign partners (the Soviet Union, the
Federal Republic of Germany, France,
Canada and the European Space Agency) aimed at using weightless-

The weightlessness of

. . P .. dv the basic physiological space provides a unique
unique environment for scientsts to study the basic physiological pro- opportunity for scientists

ness to study neurovestibular physiology. Space flight provides a

cesses by which the nervous system senses acceleration and regulates at the National Aeronau-

perception, orientation and body position. This international research !ics and Space Adminis-
tration to study the

. . . . physiology of body sys-
responses and visual-vestibular interactions. tems that sense gravity

and motion and control
Development. [srael-U.S. Binational Science Foundation grants posture and movement.
are assisting investigators from a U.S. laboratory in two scientific under-
takings. An analysis of how nerve cells communicate in the develop-

focuses on otolith function, the vestibular-ocular reflex, optokinetic

ing spinal cord unites U.S. scientists with investigators from Jerusalem.
In particular, this team is trying to understand the relation of synaptic
connections and the properties of nerve cells to the development

of coordinated movements. Theoretical studies of the ways in

which neurons process electrical signals during movement are also
being conducted.

A team of U.S. scientists has been cooperating with Yugoslavian col-
leagues on a study of the ability of EEG to predict recurrent febrile
seizures in children.

Adequate nutrition is critical to normal development and perfor-
mance. Efforts to identify and provide optimal nutritional intake are
the focus of international research and assistance programs.

Drugs and the Brain/Addiction. An agreement between the United

States and the National Institute of Mental Health and Neuro Sciences
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in Bangalore, India, has provided a framework for exchanges on cur-
rent research in substance addiction. This scientific exchange is sup-
ported by a variety of diplomatic efforts to foster international coopera-
tion to prevent and reduce the demand for illicit drugs.

Environmental Impacts. Health effects of the environment truly know
no international boundaries. Collaborations between U.S. scientists
and their international counterparts include studies in Taiwan on the
effects of human exposure to poly-
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After 3 months in a
targeted feeding program,
this Bangladeshi infant
has gained weight and
strength, offering the
hope of a healthy future.
The Agency for
International Development
promotes programs
directed at restoring
physical functions and
reducing the potential for
brain deficits. (Photo
courtesy of Irwin J.
Shorr/Concern Ireland.)

chlorinated biphenyls resulting from
the accidental contamination of cook-
ing oil. Children born to mothers
who had consumed the tainted oil
showed abnormalities on behavioral
assessments and delay of developmen-
tal milestones.

Learning and Memory. Learning and
memory have not been traditional
areas of emphasis in international
research collaborations. However,
their relationship to other factors,
including nutrition, is expected to
provide an impetus for increased
research, especially in societies moving toward a more industrialized
economy with the accompanying need for more skilled labor. Also
driving this research area are advances in molecular biology and brain
imaging that allow new insights into how the brain acquires, stores,
retrieves and uses information.

Rehabilitation and Restoration of Function. Scientists from a U.S. lab-
oratory and the John Curtin School of Medical Research in Canberra,
Australia, have been studying nerve-cell arrangements in brain regions
that control complex voluntary movements. The scientists are looking
at how different colonies of neurons transmit messages along the
spinal cord to activate or inhibit specific muscles or closely related
groups of muscles. The investigators are particularly interested in the
function of a brain area called the “supplementary motor area,” which
plays a mysterious role in initiating and guiding movements.
Understanding the role of various regions of the brain and spinal cord
is vital to improving rehabilitation and therapy programs for patients
with brain and spinal cord injury.

A long-term study of calculation disorders in brain-damaged patients
unites scientists from the United States with French investigators in
Paris. The international team is testing brain-damaged patients to
define the mental steps required to process numbers and calculate.
They will then map where these steps take place in the brain.

Activities With International Organizations. Several U.S. Federal agen-
cies are members of the World Health Organization (WHO), and sup-
port its Collaborating Centers in the Neurosciences. Scientists at these
Centers, which are strategically positioned around the world, investi-
gate brain and behavioral disorders and develop community programs.
Among the disorders studied are stroke, epilepsy and disorders related
to childhood nutritional and developmental problems. Centers
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exchange scientific information by sponsoring conferences and cours-
es and publishing proceedings of those events. These programs also
involve efforts to increase the ranks of qualified neuroscientists willing
to undertake sophisticated investigations in more isolated, less devel-
oped regions. The International Neurosciences Fellowship Program
brings investigators from developing countries to the United States for
advanced research training. They then return home to become lead-
ers in neuroscience research and education in their own countries.

U.S. Federal agencies spearheading Decade of the Brain efforts will
promote international collaboration with scientific agencies and
organizations in the following countries, all of which have begun or
are planning Decade of the Brain activities:

Mexico Czech and Slovak Federal Republic ~ Hungary
Venezuela Canada Italy
Ecuador Federal Republic of Germany Spain

The Netherlands
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Like microscopic phone
cables, axons (seen here
as long, thin strands)
are elongated nerve cell
components able to
carry messages swiftly
across relatively large
distances.




Drugs and the Brain/Addiction

Drug abuse, which includes alcohol abuse and alcoholism, is a major
health problem that affects almost every family in our country. Illicit
drug use is not confined to a discrete segment of the population. The
problems created by drug abuse, such as premature death, lost human
potential, increased health care costs, crime and lost productivity,
affect everyone. Nearly 1.6 million American teenagers are currently
using illicit drugs, and surveys of women of child-bearing age reveal
that 8 percent have used illicit drugs in the previous month. Further-
more, in a 1989 survey of 21 major U.S. cities, illicit drug abuse was
implicated in 139,685 emergency room visits and in 7,162 emergency
room deaths. The impact of alcohol abuse and alcoholism is equally
devastating. Fifty percent of all traffic fatalities, 33 percent of all
drowning deaths (the third leading cause of injury-related death), and
3 percent of the total deaths in the United States are alcohol related.

The common denominator of all addictive substances, including
alcohol and nicotine, is their profound, deeply ingrained effect on
the brain. This effect may begin even before birth. The use of
any drug during pregnancy

Research funded by the
National Institute on
Alcohol Abuse and
Alcoholism shows that
patterns of brain electrical
activities—shown here
as color shading—differ
in normal individuals
(top) compared to those
in people at high risk

for developing alcoholism
(bottom).

poses a risk to the developing
fetus. Alcohol in particular
has been shown to have the
capacity to produce profound
damage to the fetal brain.
Tragically, the alcohol-induced
fetal alcohol syndrome is one
of the leading known causes of
mental retardation. After
birth, drugs may interfere with
learning and memory. In addi-
tion, cocaine, particularly in

Normal

the form of “crack,” appears to
have caused a dramatic
increase in stroke in young
adults; other young cocaine
users may suffer complications
such as seizures, brain hemor-
rhage and psychosis.

The monetary cost of drug and
alcohol abuse is also stagger-
ing. Health care costs for treat-
ment alone are approximately $2.7 billion a year for illicit drug abuse
and $8.7 billion a year for alcohol abuse. When lost wages, crime and
other consequences are considered, the total cost of drug and alcohol

Abnormal
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This PET scan of normal
and cocaine-treated
brains by scientists at the
National Institute on Drug
Abuse demonstrates that
cocaine use decreases
metabolic activity.
Warmer colors (red and
yellow) correspond to
areas where the brain is
using high levels of ener-
gy in the form of glucose.
Cooler colors (blue and
violet) mark areas of low-
est glucose utilization.

abuse approaches $150 billion a year, making it one of society’s costli-
est health problems.

Drug addiction and alcoholism are diseases of the brain, resulting
from repeated self-administration of these substances. This exposure
to drugs and alcohol results in fundamental, albeit incompletely
understood, changes in the structure and function of the brain.
These changes are manifested in a variety of functional changes,
including intense craving and drug-seeking behavior, an inability to
experience pleasure, physical dependence on and tolerance to the
drug, withdrawal effects, depression, paranoia and psychosis.

Alcohol, nicotine and drug dependence result from a complex interac-
tion of biological, genetic and environmental factors. Drug- and alco-
hol-dependent persons experience intense craving, tolerance and
severe physical effects from withdrawal, all of which may contribute to
uncontrollable use. Many questions regarding the causes and treat-
ment of the addictions remain unanswered, but progress has been
made toward both a genetic and biochemical understanding of addic-
tion. Additionally, researchers are beginning to define the characteris-
tics of effective treatments for those patients with chronic addictive dis-
orders who tend to relapse. Itis hoped that research conducted
during the Decade of the Brain will result in major breakthroughs in
our understanding of addictive disorders and in the subsequent devel-
opment of more effective treatment and prevention technologies.

®m Accomplishments

One of the most important advances in understanding drug addiction
has been the identification of the precise molecular sites, or receptors,
in the brain where drugs exert their action. The discovery of opiate
receptors and naturally occurring opiate peptides in the brain started a
revolution in our understanding of the role of peptides and multiple
receptors in brain function. Recent studies have also identified the
brain receptors for tetrahydrocannabinol (the active chemical in mari-
juana), phencyclidine (or PCP) and cocaine. The basic genetic mecha-
nisms regulating receptor function are being studied and elaborated.

Normal

Cocaine




Efforts to understand the neurobiological mechanisms of drug addic-
tion have also facilitated substantial progress in disorders other than
drug abuse. For example, the medication naltrexone, an opiate antag-
onist that was developed to treat heroin addiction, may also be useful
for treating a wide variety of other medical conditions, including sud-
den infant death syndrome. In addition, discoveries related to endoge-
nous opioids may have far-reaching implications outside the realm of
drug addiction, and could be important for treating stroke, neuropsy-
chiatric disorders, chronic pain, complications related to paraplegia
and other disorders.

Another major accomplishment has been the development of an ani-
mal model for drug abuse. This is one of the most effective models
ever developed for research on a human disease. Some animals will
voluntarily self-administer the same drugs of abuse that humans do,
while ignoring most drugs which are not abused by humans. These
animals exhibit the same compulsive drug-seeking behavior seen in
people addicted to drugs and will self-administer pleasure-stimulating
drugs repeatedly, to the point of ignoring other rewarding stimuli such
as food or the companionship of other animals.

Using this animal model in conjunction with a variety of neuroscientif-
ic technologies, scientists have found evidence of specific brain systems
that activate “reward centers” in response to the environment. In
these reward centers, intense sensations of pleasure are believed to be
generated in response to natural stimuli, such as food and sex, and to
artificial stimuli, such as drugs. A drug’s ability to stimulate the reward
centers appears to be the reason why people addicted to drugs are
obsessed with obtaining and using drugs.

This brain-reward model helps to explain the uncontrollable nature
and intensity of drug dependence and provides researchers with a tool
to study pharmacological and behavioral factors that control drug-
seeking behavior. The model is now being used to understand how
brain-reward centers function naturally and how drugs influence these
brain systems, and for the development of potential treatments for
drug addiction.

Related studies have shown that the brain systems responsible for drug-
seeking behavior are anatomically distinct from those mediating physi-
cal dependence on drugs. Animals will compulsively self-administer
morphine directly into the reward centers of the brain, but are not
physically dependent on morphine, i.e., they do not go into withdrawal
when morphine is not available. On the other hand, animals do not
self-administer morphine into another specific area in the brain but
become physically dependent on the drug following passive infusion
into this site.

During the Decade of the Brain, scientists will also continue in their
efforts to understand and treat nicotine addiction. Our understanding
of this addiction has been advanced by the identification of nicotine
receptors and the genes coding for subunits of these receptors. Future
studies will assess the role of such genes in nicotine tolerance and
dependence. In addition, PET scanning will help identify the biologi-
cal substrates of behavior supporting human nicotine dependence.
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Significant advances have also been made in understanding the link
between the abuse of drugs or alcohol and a genetic predisposition or
vulnerability toward seeking drugs or alcohol. Studies of families, twins
and adopted children, as well as animal models, have established a
familial predisposition for alcoholism. In addition, recent studies of
animal models have suggested that there may be a genetically deter-
mined predisposition toward the abuse of opiates and psychomotor
stimulants such as cocaine. Molecular biologists are currently working
to better understand the genetics of vulnerability to drug abuse by
developing transgenic mice which carry the human gene thought to be
a factor in the vulnerability to certain kinds of drug abuse. These mice
are valuable because they provide scientists with a tool that may lead to
a clearer understanding of the role of genetics in drug abuse behavior,
which in turn will facilitate the development of effective treatments.

m Future Plans and Potential Benefits

There are several areas in which significant advances are expected
during the Decade of the Brain. These include: understanding the
specific biological effects of drugs on the structure and function of the
nervous system; development of treatments for intervening in the vari-
ous stages of drug use, such as craving, euphoria, withdrawal and
relapse; clarifying the adverse effects of drugs of abuse on development
and brain functioning; and defining the influence of genetics on drug-
seeking behavior and addiction.

In order to develop the most effective treatments for drug abuse, it is
necessary to have a clear understanding of how drugs interact with the
brain. To accomplish this, scientists will continue in their efforts to
understand the basic neurobiology of how drugs affect nerve cells and
brain functioning. They will work to expand the model of drug addic-
tion to include the biological basis for drug craving and relapse. In the
next 10 years, it is expected that the biological mechanisms underlying
euphoria, craving, relapse and other effects of drugs on the brain will
be sufficiently understood to allow scientists to develop new medical
therapies to treat drug addiction. Part of this understanding will come
from computer-based programs that elucidate the relationships
between receptors in the brain and abused drugs as well as potentially
beneficial medications.

Investigators will build on the growing foundation of information
about brain-drug interactions to develop medications, techniques and
approaches that can be utilized to:

* block the effects of abused drugs,

» reduce the craving for abused drugs,

* reduce the withdrawal effects of drug addiction,

« reverse the toxic effects of abused drugs,

+ develop substitutes for abused drugs with less toxic effects, and
+ prevent the initiation of drug use.

In addition, novel approaches to treating addiction will be explored.
For example, researchers will investigate the possibility of utilizing the
characteristics of the blood-brain barrier in such a way as to prevent
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abused drugs from getting into the brain. The maternal-fetal unit will
be studied to see if medications can be developed that will decrease the
mother’s addiction while exerting little or no effect on the fetus.

Drugs of abuse also have toxic effects that are not necessarily related to
their addictive qualities. This requires further study. Abused drugs
can interfere with important cognitive processes such as learning

and memory, and some drugs produce long-term, and sometimes per-
manent, brain damage. Certain drugs may also destroy specific types
of nerve cells, possibly resulting in premature onset of certain neuro-
logical disorders such as Parkinson’s disease. In addition, investigators
are beginning to delineate the devastating effects abused drugs can
have on development.

During the next decade, investigators will also address questions relat-
ed to genetically determined vulnerability to drug abuse. Particular
attention will be focused on the effects of drug exposures on the brain
and nervous system in high-use individuals.

One of the major issues that must be considered in developing effec-
tive treatments for addictive disorders is comorbidity—the coexistence
of substance abuse with other health problems, such as mental disor-
ders. People with drug or alcohol abuse disorders are seven times
more likely than the general population to have a history of mental dis-
orders. Among those with an alcohol abuse disorder, 37 percent also
had or have a mental disorder, and 53 percent of those with a drug
abuse disorder had or have a mental disorder.

During the Decade of the Brain, researchers will expand and improve
epidemiologic survey techniques to better understand the relationship
between substance abuse and mental disorders. Research efforts will
focus on understanding the basic, biological relationship of addictive
disorders to mental disorders, and on developing treatments that take
into account the presence of both disorders. Scientists will work to
determine if there is a genetic link between the development of sub-
stance abuse and other brain and behavioral disorders, or if comorbidi-
ty is related to environmental factors. For example, attention deficit
disorder, or hyperactivity, in adults may lead to antisocial behavior that
results in social isolation. This may in turn lead to substance abuse.
Likewise, the use of certain drugs may alter chemical systems in the
brain, resulting in disorders such as depression or attention deficit dis-
order. Alternatively, the comorbidity of these disorders may have a
genetic component that results in genetically determined disturbances
in similar neurotransmitter systems.

Scientists will also work to develop specific pharmacological interven-
tions for substance abuse and mental disorders that do not compro-
mise the treatment of the concurrent disorder, or make it worse.

In addition, investigators will continue to determine the best mode
of treatment when both disorders are present. Efforts to develop
effective treatments will be greatly facilitated by a fundamental under-
standing of the neurotransmitter systems involved in each of these
disease categories.
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During the Decade of
the Brain, special atten-
tion will be paid to
older population
groups, including those
over 85, minorities,
women and the rural
elderly. Because of
advances in biomedical
science and an aging
baby-boom population,
a greater number of
Americans are living
longer and healthier
lives.




Aging and the Human Brain

A major shift in age distribution is taking place in this country.
Advances in biomedical science, coupled with an aging baby-boom
population, now allow a greater number of people to live longer and
healthier lives. By the year 2000, an estimated 13 percent of the U.S.
population will be 65 or older. At the same time, however, the inci-
dence of degenerative brain disorders such as Alzheimer’s disease and
Parkinson’s disease is steadily increasing.

Brain function in the later years has long been of interest to the lay
public as well as the research community. Contrary to popular belief,
major declines in cognitive abilities and “senility” do not accompany
advanced age in the absence of illness. Cognitive processing may be
slowed but seldom becomes an impossible task for healthy older peo-
ple. Certain functions such as vocabulary retrieval can even improve.
Among the many age-related disabilities that lead to institutional care,
those related to changes in brain functioning have the most significant
implications for public policy and priorities for further research.
Failure in cognitive functioning is one of the principal causes of institu-
tionalization of older people. In addition, changes in the brain affect-
ing sensory, motor and cognitive functioning have a profound influ-
ence on the quality of life of older individuals.

m Accomplishments

Alzheimer’s Disease and other Dementias. Dementia afflicts 10 percent
of people over 65. Dementia is the loss of the ability to learn new
information and to recall and use previously acquired knowledge effec-
tively. It is the final product of a variety of disease processes. In the
elderly, Alzheimer’s disease is a prominent cause of dementia, but it is
becoming increasingly evident that it is not the only one. As our popu-
lation ages, the incidence of dementia will increase. Of those over 85
years of age, studies show that as many as 50 percent will be impaired
by dementia. This translates into a cost of well over $90 billion per
year spent on the care of people with dementia in homes, hospitals
and long-term care institutions. Four issues are focal points for current
research on Alzheimer’s disease and other dementias: identifying the
underlying causes of these disorders; identifying and understanding
the pathological changes that occur in the brain; developing accurate
diagnoses; and finding effective treatments.

The search for the cause of Alzheimer’s disease has focused on the role
of genes, toxins, infectious agents, head trauma and stress, as well as
changes in the immune system, the endocrine system and normal
metabolic processes. Scientists are looking at each of these factors

as a possible cause of the disease, either alone or in combination.
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The characteristic folds of
the human brain are
abnormally wide in this
Alzheimer's disease
patient, because brain
cells have died in the
course of disease.

Other investigators are exploring the possibility that the risk of
Alzheimer’s disease might be increased by age-related changes in
healthy brain tissue.

The identification of genetic and biological markers for Alzheimer’s
disease will help clinicians make an early, accurate diagnosis of the dis-
order. Researchers have located an area on chromosome 21 that may
be linked to the early onset of the familial form of the disease. The
protein, amyloid, that accumulates in plaques in the brains of
Alzheimer’s patients is regulated by chromosome 21. Currently, scien-
tists are investigating whether amyloid deposits are causally related to
Alzheimer’s dementia or whether they represent an unsuccessful
attempt by the brain to defend itself against damage done by other
toxic factors or pathological processes.

V|

Advances in PET, single photon emission tomography and MRI have
helped scientists identify and track over time the structural and func-
tional alterations in the brain as dementia progresses. Alzheimer’s dis-
ease can be discriminated from other dementias on the basis of visual-
ized changes in nerve receptor distributions and density. Experimental
testing offers promise for improved diagnostic accuracy and earlier
diagnoses.

Early and accurate diagnosis of Alzheimer’s disease has already had

a major impact on the progress of research on dementia. In older peo-
ple, the disease is difficult to diagnose in its early stages, and itis
sometimes mistaken for other kinds of dementias and mental diseases.
Incorrect diagnosis is thought to be common, perhaps ranging from
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10 to 30 percent in the general medical population. Currently,
definitive diagnosis can be obtained only through the examination
of brain tissue.

There is no effective method of prevention, treatment or cure for
Alzheimer’s disease. However, recent research findings indicate the
potential for use of nerve growth factor in treatment. The application
of transgenic and implant technologies to research provides exciting
prospects for treatments including the direct implantation of altered
neurons that could synthesize and secrete brain transmitters or express
receptors where the); are needed in the brain. The search for growth
factors and other biochemical determinants of neural growth, develop-
ment and regeneration could provide new pharmacologic approaches
to the therapy of degenerative diseases. In addition, there are a num-
ber of new drugs that are strong candidates for clinical trials.

A potential animal model for Alzheimer’s disease recently has been
identified in aged primates with an abnormal brain-cell feature—the
neurofibrillary tangle. Last year a 34-year-old monkey with impairment
of spatial memory and learning disabilities was reported to have neurit-
ic plaques and neurofibrillary tangles upon autopsy. These findings
emphasize the importance of continuing the study of aged primates as
animal models for Alzheimer’s disease.

Parkinson’s Disease. The frequency of Parkinson’s disease increases
markedly after age 50. Consequently, the increasing number of older
people in the United States has led to an increase in the number of
‘people who are developing parkinsonism. There are now perhaps
500,000 people with the disease in the United States. Parkinson’s dis-
ease is a progressively disabling neurologic disorder caused by the
degeneration of dopamine-producing nerve cells that originate in an
area of the brain called the substantia nigra. Tremor, rigidity, undirect-
ed movement, impaired dexterity and postural instability result, often
accompanied by dementia and behavioral abnormalities.

A major advance in the treatment of Parkinson’s disease was the intro-
duction of levodopa therapy. This drug has permitted thousands of
elderly patients to live productive lives for one or two decades longer
than was previously possible. Unfortunately, patients receiving lev-
odopa over a long time often eventually suffer undesirable side effects
and a loss of therapeutic effect. New approaches under study include
surgery, new drugs and new drug-delivery systems.

This past year a clinical trial revealed that treatment with the drug
deprenyl delays the progression of symptoms in patients with early
Parkinson’s disease and postpones the need for levodopa therapy.
This is the first time a drug has been developed that can slow the pro-
gression of a neurodegenerative disease. Deprenyl was also found to
increase significantly the time patients remained gainfully employed, a
benefit that will yield hundreds of millions of dollars annually in
increased productivity and annual savings in health care costs.

Vision Disorders. Three age-related disorders of the visual system—
macular degeneration, glaucoma and cataract—are major causes of
blindness and visual disability, affecting millions of Americans. The
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development of laser photocoagulation therapy, other new surgical
procedures and new drugs has revolutionized treatment of these
conditions.

Hearing Impairments. One-third of persons over 65 have a hearing
loss sufficient to interfere with speech perception and effective com-
munication, and the prevalence rises with increasing age. The inner
ear is primarily affected, although auditory nerve and brain stem
degeneration probably also contributes to hearing disorders. Recent
work has demonstrated that with advancing age, certain neurotransmit-
ters are depleted in some brain structures but not in others, suggesting
that some age-related hearing problems might be reversed or prevent-
ed in the future by correcting neurotransmitter imbalances.

® Future Plans and Potential Benefits

Alzheimer’s Disease. Major research opportunities exist for studies on
the cause, diagnosis and treatment of this disease. If, as recent
research suggests, amyloid plays a critical role in neuronal death, and
chemicals known as tachykinin peptides block amyloid toxicity, then a
new Alzheimer’s therapy suggests itself. Further research on the mech-
anism of amyloid formation and amyloid neurotoxicity and the role of
tachykinin peptides in the brain is likely to yield significant results.

Animal studies of skin fibroblast cells implanted into injured areas of
brain may one day lead to treatment for people with central nervous
system degeneration. Before implanting fibroblasts, scientists geneti-
cally modify the cells to secrete nerve growth factor. Animals with

the modified implants have less nerve cell degeneration and demon-
strate enhanced sprouting of the axon portion of nerve cells. Though
clinical applications require much further study, these results are
encouraging. Growth factors and neural tissue implants, both result-
ing from molecular technologies, offer new methods of improving
brain function.

Other avenues being explored focus on highly selective neurotransmit-
ters that promise to directly influence functionally deficient nerve
receptors. Using recombinant DNA probes, neurotransmitter systems
and familial inheritance patterns will be determined, and genetic engi-
neering methods will be applied to the development of biologically
active molecules for use in treatment.

There is an immediate need for improved diagnostic screening for
Alzheimer’s disease. However, its diagnosis and screening will contin-
ue to be difficult and sometimes inaccurate until a better understand-
ing of the normal aging process is achieved. The major difficulty in
diagnosis involves the definition of the disease itself and its varied and,
at times, subtle manifestations. Alzheimer’s disease remains a com-
bined clinical and pathologic diagnosis. A continuing effort to define
the disease precisely and to develop methods of definitively distinguish-
ing Alzheimer’s disease from other nervous system diseases must
remain the subject of intense research. Meanwhile, the potential for
identifying genetic and other biological diagnostic markers is promis-
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ing. Advanced imaging techniques with EEG and PET will assist in
these studies by showing the changes in brain structure and
metabolism during the course of Alzheimer’s as well as Parkinson’s
and Huntington’s diseases.

Parkinson’s Disease. It has been shown that a synthetic drug, MPTP,
produces parkinsonian disorders in non-human primates and other
animals as well as in man. These models are being used to explore the
use of new implantation techniques which can replace or regenerate
the cells damaged in Parkinson’s disease and restore healthy function.
It is likely that cells from tissue cultures, including those from geneti-
cally engineered nerve cell lines, will prove useful in obtaining a more
functionally effective transplant.

For both Alzheimer’s and Parkinson’s diseases the following popula-
tion studies are planned:

+ Epidemiologic studies will identify disease risk factors for
Alzheimer’s disease with attention to subgroups defined by age,
sex, race, ethnicity, socioeconomic status and urban/rural setting.

+ Studies of precursors (e.g., dietary, medical, occupational, residen-
tial, environmental) to Parkinson’s disease will determine whether
they predict the later development of Parkinson’s disease (e.g., con-

. suming foods with a high vitamin E content may protect against
Parkinson’s disease). Similar studies may be performed with those
who develop amyotrophic lateral sclerosis and Alzheimer’s disease.

New areas of promising research on the sensory systems include:

Vision. In a group of diseases called glaucoma, elevated pressure in
the eye leads to irreversible damage to the optic nerve and consequent
blindness. The most common form affects many people aged 70 or
older. Drug, surgical or laser treatment of glaucoma often can relieve
the elevated intraocular pressure and thus prevent or slow optic nerve
damage, but it is impossible to determine which individuals are at risk
for eventual visual loss. Discovery of ways to detect glaucoma at its very
earliest stages, before nerve damage occurs, is important. New studies
on the cause and prevention of cataracts are also needed.

Hearing. The issue of hearing impairment associated with aging (pres-
bycusis) is complex and includes central as well as peripheral auditory
features. New findings of changes in auditory systém anatomy with
aging suggest new directions in restorative interventions. Other
research results indicate that, even in those older adults who show

no signs of peripheral hearing loss as measured by intensity discrimina-
tion, frequency discrimination and duration discrimination tasks, there
can be significant decline in measures of central brain functions,

such as correct temporal ordering and sequencing of speech sounds.
This finding suggests that further research on central brain mecha-
nisms may lead to new methods of reducing hearing impairment in
older adults.
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Scientists at the National
Institute on Aging use
PET to study changes
that occur in the brain of
patients with Alzheimer's
disease. The PET scan
on the bottom shows

the dramatic changes
Alzheimer's disease
causes.

Taste and Smell. The relationships between food preference,
appetite and satiety, and the ability to taste and smell in the elderly
are poorly understood. These relationships have implications for
the nutritional status of the elderly. Future research opportunities
include the study of variability in how well the elderly taste and
smell, and the location of brain lesions responsible for olfactory loss
in the elderly.

Other emerging areas of research opportunity include:

Sleep Disorders. Since a majority of elderly individuals experience
disturbances in normal patterns of sleep, research in this area is
important. New methodologies now permit better documentation
of the natural history of certain sleep disorders and of associated
underlying pathophysiology in the aging brain, pointing out new
research directions for clini-
cal intervention.

Mental Disorders. The recog-
nition of late-onset mental
disorders (e.g., late-onset
schizophrenia) gives scientists
another perspective from
which to study such disorders.
The same applies to atypical
depression in later life; sui-
cide is especially common in
elderly men.

Alcohol Abuse. The effect of
alcohol on central nervous
system function is of critical
concern in relation to its
interaction with medication
(e.g., in inducing delirium)
and in its impact on cognitive
performance (e.g., in causing
automobile crashes). Further
research could add to our
understanding of alcohol-
drug interactions and other
effects of alcohol on the aging

L brain.
Alzheimer's Disease

Neurotoxins. Research on
the influence of neurotoxic substances on aging processes has only
recently begun. As a consequence, considerable effort needs to be
focused on determining the influence of neurotoxic substances on
aging processes.

Falls. The frequency of falls—a major cause of hip fracture leading
to institutionalization in elderly Americans—can be reduced
through research on the central nervous system. Such studies could
focus on risk factors relating to the influence of decrements in visual




and vestibular systems and to the nervous system effects of medications
and alcohol in association with falls.

In all of the above promising areas of research, attention will be paid
to special, older population groups, including the old-old (those over
85), minorities, women and the rural elderly. Research on aging builds
upon the increasing recognition that much of the decrement in later
life represents the impact of disease rather than the normal concomi-
tants of aging. This research builds, too, on the growing recognition
that disorders and disabilities in older Americans can be modified.
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Hearing

Speaking

Thinking

Research with modern
imaging techniques,
such as PET, is yielding
new maps of where and
how the brain processes
information. Above,
computerized images of
PET scans show
increased blood flow to
human brain areas acli-
vated while hearing,
seeing, speaking, or
thinking about the
meaning of a word.
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Human Behavior and Mental Disorders

The brain interacts with the world through behavior. Just how do the
properties of the human nervous system affect an individual’s behav-
ior, and vice versa? This question is increasingly important as scientists
and clinicians consider promising new therapies and interventions
that target the nervous system to address formidable problems of men-
tal and physical health. These emerging and future treatments are
made possible by new technology, new scientific techniques and a
vast improvement in our understanding of the human brain and
nervous system.

Mental illness and other behavioral disorders are highly stigmatizing,
socially disruptive and economically draining—in 1988 alone behav-
joral disorders cost the nation almost $130 billion. Development of
effective treatments would therefore improve not only the lives of
those with mental disorders and their families, but also the economic
productivity of the nation. Scientists are now gaining some insight into
the bases of historically intractable diseases like schizophrenia and
developing treatments for depression and other devastating mental ill-
nesses. Knowledge concerning the actions of neurotransmitters, hor-
mones and small peptides may lead to an array of effective, new treat-
ments. A better understanding of childhood development may lead to
early detection of physical, emotional or behavioral problems (such as
violent behavior) and mental illness or its precursors.

® Accomplishments

Schizophrenia. Roughly 2 million Americans suffer from schizophre-
nia. This disease strikes at the prime of life (often beginning in late
adolescence) and has a large economic impact on the nation. Recent
years have seen major developments in what has long been largely a
mysterious disease. During the 1950s the first drugs with anti-psychotic
properties were identified. Animal studies indicated that an important
common factor for the drugs effective in schizophrenia was that they
decreased dopamine action by occupying dopamine receptors. As a
result, more specific antipsychotic drugs were developed and many are
effective in treating more than 70 percent of those with schizophrenia.
Recent research on neurotransmitter receptors in animals suggests that
at least three classes of receptors for dopamine may play a role in psy-
choses and mediate the effects of some antipsychotic drugs. The three
receptors have recently been isolated and their genes cloned.

Investigation of brain abnormalities in schizophrenia and other disor-
ders has progressed rapidly with the development of new brain.imag-
ing technologies that allow the direct observation of brain activity.

)

Aruitoxt provided by Eic:

Decade of the Brain 1990 » 2000

[enuarod uewnp Surziunxep

.



ERIC

Aruitoxt provided by Eic:

PET allows study of dopamine and other neurotransmitter receptors in
the brain tissue of living subjects with schizophrenia. MRI scans com-
plement the PET scan data by providing detailed anatomical pictures
of brain structures. Some of the most advanced scanning techniques
have been used to study pairs of identical twins—one with schizophre-
nia and one without—and have revealed abnormalities in brain struc-
ture and function in the schizophrenic twins but not in the normal
twins, suggesting that environmental or developmental factors, as well
as genetic factors, are involved in the development of schizophrenia.

Depression. Approximately 15 million Americans will experience a
major depressive illness in their lifetimes. Perhaps 50 percent of the
nearly 30,000 suicides each year are due to depression—this is particu-
larly true in teenagers and the aged. Like schizophrenia, depression
reflects a delicate interplay between environmental factors and biologi-
cal (both genetic and non-genetic) factors. A role for genetic factors
in depression and other affective disorders is supported by twin and
adoption studies, and enthusiasm for the application of molecular
genetic techniques to the problem has increased recently following
preliminary reports of gene linkages in bipolar (manic-depressive) dis-
order. On the other hand, an environmental event (e.g., family crisis,
job loss or physical injury) can act as a triggering event for a major
depressive episode.

New diagnostic approaches that combine tools of clinical science,
molecular biology, neuroimaging and neurochemistry have yielded evi-
dence of specific abnormalities in depression. These tools have also
shown that there are many categories of these mood disorders, includ-
ing the newly described seasonal affective disorder that is related to
seasonal changes in the amount of daylight. Current research indi-
cates that about 80 percent of those showing symptoms of depression
can be effectively treated with antidepressant medications, bright lights
or other therapies.

Childhood Development. It is estimated that 12 percent of all children
and adolescents suffer from various mental disorders that severely
impair their intellectual, emotional, social and familial functioning.
Research over the last two decades in developmental neurobiology and
genetics is paving the way for understanding the molecular and neuro-
biological bases of childhood behavioral disorders. Animal studies on
the behavioral and physiological consequences of selectively disabling
certain neurotransmitter systems, such as the dopamine system, may
shed light on conditions such as attention deficit disorder and
Tourette’s syndrome. Additionally, the refinement of diagnostic crite-
ria for behavioral disorders, the development of genetic linkage stud-
ies, and observations of hereditary bases for certain behavioral disor-
ders are opening the way for identifying particular genes associated
with behavioral disorders. Autism, for example, is a developmental dis-
order for which neurotransmitter studies show elevated serotonin lev-
els, PET and electrophysiology scans show functionally impaired inter-
actions between brain regions, and genetic studies reveal the disorder’s
association with the X chromosome.
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Alcoholism and Drug Abuse. Scientists are examining all aspects of the
complex circuitry of the brain to identify the causes and consequences
of behavior associated with alcoholism and drug abuse. Genetic link-
ages to alcoholism have been found in studies with animals and
humans, and there is growing evidence that children and other rela-
tives of alcoholics are at higher risk for developing alcoholism than the
general population. To aid in identifying those individuals who may
have a genetic predisposition to abuse of alcohol, researchers have
begun to identify multiple biological and behavioral markers that may
underlie differences in vulnerability to alcohol abuse. Some of these
markers exist in people with a family history of alcoholism but who
have never themselves been exposed to alcohol.

Basic Behavioral Research. Basic studies of behavior expand upon and
provide clues to guide further basic neuroscience investigations of
brain mechanisms. One example derives from the common notion
that we remember virtually nothing from infancy. The concept of
“memory-updating” is the result of developmental studies that indicate
that an infant’s memories are highly enduring, even at 2 and 3 months
of age, as long as new learning does not interfere. What remains in the
infant’s active memory is a function of how recently the learning
occurred and what has been attended to, or learned, in the intervening
period of time. Learned experiences quickly lose their usefulness in
infancy—experiences that were functionally useful to the immobile
infant at 2 months are no longer relevant, hence not remembered,
when sitting-up or crawling begins. Efficient information processing
requires the infant to retain only the most relevant and useful informa-
tion. It appears that if the memory is “updated,” the system is cleared
of all irrelevant information. Nature thus has set up the learning and
memory system of the infant for capabilities that reflect the needs of
the early months of life. A search for the neuronal correlates of “mem-
ory-update” will be integrated into studies on the cellular basis of learn-
ing and memory. '

Other Research. In the past, the neural and endocrine systems were
considered to be interactive but separate. This distinction has now
become blurred, partly because hormones and small peptides are now
known to be chemical messengers that can amplify or dampen the
action of nerve cells. Modern molecular tools have led to the discov-
ery of such hormones and peptides in the brain. These messengers are
often found in the same neurons as the classical neurotransmitters.
The very recent cloning of the genes that encode the steroid hormones
should advance studies on the action of steroid hormones in the ner-
vous system.

® Future Plans and Potential Benefits

Studies on behavior are highly complex, requiring multidisciplinary
approaches combining clinical expertise, behavioral and systems analy-
ses, expertise in cellular and molecular biology and neuroimaging
technology. Scientists are now beginning to integrate such seemingly
disparate approaches and aim, at last, for a greater understanding of
how the interplay of environmental and biological factors contributes
to behavior and cognition.’
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High-priority areas for future research include the following: 1) clarify-
ing the genetic mechanisms associated with synaptic transmission
between neurons, including the identification of genes that encode
molecules involved with synaptic transmission and their regulation;

2) increasing understanding of the synthesis, degradation, activation
and regulation of the various classes of neurotransmitter receptors;

3) identifying and characterizing genes associated with behavioral disor-
ders; 4) establishing strong thearetical bases for the behavior of single
neurons and neural networks; 5) Lindf:réi;inding the neural mecha-
nisms of thinking and emeotion; and 6) identifying social and other
environmental factors, iflcluding nutrition, that can modulate brain
function across the life span.

The recent discovery of methods to grow nerve cells in culture should
markedly improve approaches for asking questions about how nerve
networks form, develop, process and retrieve information. Such
research could enrich the theories of cognitive development and
thereby stimulate important new questions about how the relationship
between brain and behavior is established.

Research during the next decade will be aimed at identifying people
who are genetically predisposed to developing mental illness, isolating
the environmental factors that may trigger disorders such as
schizophrenia, and defining the conditions in which those triggers
operate. Basic investigations will be directed toward understanding the
pathophysiology of the dopamine and serotonin neurotransmitter sys-
tems and how the environment interacts with them. Studies aimed at
characterizing and cloning brain receptors will help clarify the basic
abnormalities underlying schizophrenia and the mechanisms by which
antipsychotic drugs act. These studies may lead to the design of more
effective medications with fewer side effects.

Research on the roles of the neurotransmitters serotonin and nor-
epinephrine in mental disorders will focus on the molecular biology of
neurotransmitter receptors, second messenger systems, and changes in
neuronal function over time. Clinical research is directed to the devel-
opment of accurate diagnostic instruments that can differentiate
among the types of depression. Biological markers—including genetic
markers—and neurological and biochemical tests will be sought in
order to more accurately separate primary depressions from those asso-
ciated with drug and alcohol abuse, Alzheimer’s disease and other dis-
ease states. With this information, optimally effective treatments will
be developed for each diagnostic group. Some of these treatments are
likely to be pharmacological; others will influence brain systems
through alternative mechanisms such as diet or light exposure.
Investigators will seek to understand the mechanisms of action of tradi-
tional antidepressant and anti-manic-depressive drugs, including lithi-
um, in the hope of developing even more efficacious medications with
fewer side effects.

Scientists will seek new therapeutic medications for depression and
other behavioral disorders. For instance, peptides that interact with
corticotropin-releasing hormone or the thyroid-stimulating hormone
receptor—neither of which was thought to be involved in depression
several years ago—are currently being studied to find new compounds
that achieve effective antidepressant activity. Future research on the
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relationship between
the various chemical
messengers will pro-
vide insight into
their functional role.
There is a great
need to know more
about how peptides
and hormones affect
particular behaviors.
Researchers need

to know where they
act and how they
mediate their effects
on brain tissue. An
understanding of
how such agents
work could create a
vast reservoir of
ideas for new thera-
pies for modifying
behavior.

Future studies on
childhood behaviors
will address the fol-

lowing issues: 1) What

are the genetic
factors underlying
the susceptibility of
some people to envi-
ronmental chal-
lenge? 2) What are
the brain mecha-
nisms through which
specific environmen-
tal events early in life

modify the development of these different behavioral patterns?

3) What are the long-term health and behavioral consequences of
extreme reactivity to environmental challenge early in life, and can the
early patterns of response be modified in adulthood?

Another promising area of research concerns the development of
brain lateralization and how this mechanism is linked to the acquisi-
tion of language in children. Advances in this area are likely, due to
the availability of new analysis techniques for brain-evoked responses
that have been generated in normally developing children. This
research could help in the diagnosis of language abnormalities.
Progress during the decade is also probable on the question of how
stimulating environments, early in life, can help shape brain functions
that may influence a child’s cognitive development. Advances in this
field of research could have important benefits for babies born at risk
for language and other developmental disabilities. If new knowledge
could allow the identification of optimal environmental stimulation,
then procedures for early intervention could be implemented.
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Studies using MRI are
uncovering abnormalities
in the brains of schizo-
phrenics. These MRI
scans of identical twins
sh